Aim: Lifetime risk (LTR) is a measure of disease burden, which presents the probability of occurrence of a specific disease in the remaining lifetime of a group of people for a given index age. This measure is useful for presenting the risk dynamics of a disease at the population level, which constitutes important public health information toward prevention. To date, there have been no studies investigating the LTR for coronary heart diseases (CHDs) in relation to hypercholesterolemia in Asian populations. Therefore, we estimated the LTR of CHDs according to serum low-density lipoprotein cholesterol (LDL-C).
Introduction
The incidence of and mortality resulting from coronary heart diseases (CHDs) in Japan are lower than those reported in western countries [1] [2] [3] [4] . However, owing to changes in the lifestyles and worsening of the cardiovascular risk factors, including hypercholesterol-Copyright©2020 Japan Atherosclerosis Society This article is distributed under the terms of the latest version of CC BY-NC-SA defined by the Creative Commons Attribution License.
Informed consent was obtained from all participants at the baseline examination, and the collected data were anonymized.
Baseline Examination
Blood samples were collected from the study participants after fasting for at least 10 h. These samples were immediately centrifuged after sampling, and routine blood examinations were performed, including investigation of serum TC, high-density lipoprotein cholesterol (HDL-C), triglyceride, and glucose levels. Low-density lipoprotein cholesterol (LDL-C) was estimated using the Friedewald formula, and serum LDL-C ≥ 160 mg/dL (4.14 mmol/L) was defined as high LDL-C according to the NCEP/ATP-III criteria 21) . Non-HDL-C was calculated by subtracting HDL-C from TC, and high serum non-HDL-C ≥ 190 mg/dL (4.91 mmol/L) was defined as high non-HDL-C. Blood pressure was measured in triplicate by well-trained physicians using a standard mercury sphygmomanometer. Measurements were performed on the subjects' right arms after 5 min of rest in the seated position. The average of the second and the third measurements recorded more than 1 min apart was used 22) . Hypertension was defined as systolic blood pressure ≥ 140 mmHg and/or diastolic blood pressure ≥ 90 mmHg and/or the use of antihypertensive agents. Diabetes was defined as fasting serum glucose ≥ 126 mg/dL (7.0 mmol/L) and/or the use of antidiabetic agents.
Endpoint Determination
The details of the endpoint ascertainment for the Suita Cohort Study have been reported elsewhere [23] [24] [25] . The first step of the survey for CHDs involved checking the health status of all the participants by repeated clinical visits every two years and thereafter by yearly questionnaires sent by mail or conducted over the telephone. The second step involved reviewing the inhospital medical records of the participants who were suspected to have new-onset CHDs or those who died because of any CHD. Reviews were performed by registered hospital physicians or research physicians who were blinded to the baseline information. Definite and probable acute myocardial infarction were defined according to the criteria of the Monitoring Trends and Determinants in Cardiovascular Disease (MONICA) project [26] [27] [28] . Comprehensive systematic searches of death certificates were also performed in order to complete the surveillance for acute myocardial infarction. In addition to acute myocardial infarction, the criteria for diagnosing a CHD included sudden cardiac death within 24 h after the onset of acute symptoms and CHD followed by coronary bypass or angi-CHD risk is serum lipid profile or hypercholesterolemia.
The positive association between hypercholesterolemia and CHDs in the general Japanese population has already been described in detail in previous publications [9] [10] [11] , and it was found in these studies that elevated serum total cholesterol (TC) significantly increased the rate of death due to CHDs. These findings were incorporated in the 10-year CHD death risk charts that were used in the Japan Atherosclerosis Society (JAS) guidelines [12] [13] [14] . However, younger people showed an extremely lower absolute risk compared to the absolute risk of older people by using these risk chart which predict CHD death risk with relatively shorter span. The estimation of lifetime risk (LTR), a risk projection method that accounts for the longer residual life span, provides a perspective that can complement the shorter duration risk estimation with long-term risk estimates for a better understanding of the disease burden 15, 16) . Moreover, the effect of hypercholesterolemia on the LTR of CHDs for any Asian population has not been reported.
Aim
The aim of this study was to estimate the influence of hypercholesterolemia on short-and intermediate-term risk as well as the LTR for CHDs based upon an urban cohort in Japan.
Methods

Study Sample
The Suita Cohort Study, which was established in 1989, is a cohort study for cardiovascular diseases in the city of Suita, Osaka Prefecture, Japan. The participants of this study were randomly selected from a population aged between 30 and 79. Residents were stratified by sex and age (10-year increments), and the overall participation rate was 53.2%. The details of this study have been described in detail in previous publications [17] [18] [19] [20] . Overall, 6,483 men and women participated in the baseline survey at the National Cardiovascular Center between September 1989 and March 1994. For this analysis, participants with the following issues were excluded: lack of baseline information or loss to follow-up (n 602), nonfasting blood sampling (n 280), taking lipid-lowering drugs (n 120), having a history of CHD (n 42), and missing information on serum lipid profile (n 32). In total, 2,559 men and 2,848 women were included in this study (Fig. 1) .
The Institutional Review Board of the National Cardiovascular Center approved this cohort study. ation when formulating the population at risk for each index age. Sex-specific 10-, 20-, 30-, and 40-year risks and the LTR for CHD by LDL-C or non-HDL-C categories were estimated for CHD-free participants at different index ages. Estimates were calculated using a modified survival analysis technique, as previously reported 33, 34) . We also performed a sensitivity analysis with high LDL-C defined as ≥ 140 mg/dL. All statistical analyses were performed using SAS version 9.4 (SAS Institute, Cary, NC, USA). Table 1 shows the characteristics of the participants stratified by LDL-C levels at baseline. At baseline, 12.5% of the men and 22.0% of the women had high LDL-C, whereas 14.1% of the men and 18.6% of the women had high non-HDL-C. During the 69,823 person-years of follow-up, 124 men and 57 women were diagnosed with CHD. Table 2 displays the 10-, 20-, 30-, and 40-year risks as well as the LTR of CHDs based on the LDL-C categories for men and women of various index ages. The person-year of follow-up, incidence of CHD, and mortality due to ography 19) .
Results
Statistical Analysis
For the estimation of LTR, age (in years) was used as time scale and follow-up began at each patient's baseline age. Participants who were below 40 years of age at the beginning of the study period were entered into the study sample when they became 40 years old. The age categories started at the age of 40 years, and the highest age category was ≥ 90 years. The likelihood of death from a particular cause at a given time is simply the product of the overall survival until that time. The follow-up ended at CHD occurrence, death, or on December 31, 2007, depending upon which event occurred first. We estimated the cumulative CHD incidence conditional on survival to ages 45, 55, 65, and 75 years, accounting for the competing risks of death 15, 16, [29] [30] [31] [32] . We then utilized the competing risk adjustment to avoid risk inflation introduced in standard survival methods that do not fully account for individuals who died during follow-up because of other competing causes. A double-decrement approach was applied to take both the CHD occurrence and the all-cause mortality into consider- LDL-C: low-density lipoprotein cholesterol, s.d: standard deviation, HDL-C: high-density lipoprotein cholesterol, BMI: body mass index index ages; these results were similar to those for the LDL-C categories.
The results of the sensitivity analysis with high LDL-C defined as ≥ 140 mg/dL showed that the estimated LTRs for CHDs, in both men and women, were smaller than the ones where high LDL-C was defined as ≥ 160 mg/dL. The estimated LTRs of men with high LDL-C were 28.0% (95% CI: 16.5-39.6%) at the index age of 45 years and 22.8% (95% CI: 7.7-37.9%) at the index age of 75 years. In women with high LDL-C, the estimated LTRs were 8.1% (95% CI: 5.1-11.2%) at the index age of 45 years and 5.8% (95% CI: 2.7-8.9%) at the index age of 75 years.
Discussion
In this urban-community-based cohort in Japan, we observed that the LTR of CHDs was affected by hypercholesterolemia in middle-aged men and women. Individuals with low LDL-C or non-HDL-C CHD across the age groups are shown in Table 2 for the LDL-C categories and in Table 3 for the non-HDL-C categories.
The estimated LTR of CHDs, accounting for the competing risk of death, at 45 years of age was 13.7% (95% confidence interval [CI]: 10.9-16.5%) for men with low LDL-C and 47.2% (95% CI: 29.3-56.1%) for men with high LDL-C ( Table 4) . For women at the index age of 45 years, the estimated LTR of CHDs for low and high LDL-C was 7.1% (95% CI: 4.4-9.8%) and 10.2% (95% CI: 5.6-14.8%) for low and high LDL-C, respectively. For both sexes, the estimated intermediate-term risks (10, 20, 30, and 40 years) increased across time. However, the estimated LTRs in men were lower with higher index ages, whereas in women, they were nearly constant regardless of the index age. Table 5 shows the 10-, 20-, 30-, and 40-year risks as well as the LTR of CHDs based on the non-HDL-C categories for men and women of various LDL-C: low-density lipoprotein cholesterol, CHD: coronary heart disease, PY: person-years Serum LDL-C 160 mg/dL was defined as "Low LDL-C". Serum LDL-C ≥ 160 mg/dL was defined as "High LDL-C".
We previously reported on the LTR of CHDs from the Suita Cohort Study among individuals with and without hypertension and with and without diabetes mellitus 36, 37) . At 45 years of age, the competingrisk-adjusted LTR of CHDs was 14.1% and 27.0% for normotensive and hypertensive men, respectively; 6.2% and 14.9% for normotensive and hypertensive women, respectively; 21.1% and 16.7% for men with and without diabetes, respectively; and 14.2% and 9.2% for women with and without diabetes, respectively. When compared to other risk factors, the estimated LTRs of CHDs were very high in men (approximately 45%) and low in women (approximately 11%) with hypercholesterolemia. In most Japanese community-based cohort studies, hypercholesterol-had a lower LTR of CHDs than those with high LDL-C or non-HDL-C. For all index ages, the LTR of CHDs was higher in men than in women. This is the first study describing the relationship between hypercholesterolemia and LTR of CHDs in Asian populations. There is currently no report comparing directly the incident of CHDs between Japan and other countries, including Asian countries, using the same definition of CHDs. However, Steg et al. showed that the one-year event rates of nonfatal myocardial infarction were almost the same between Japan and Asia in the Reduction of Atherothrombosis for Continued Health Registry (REACH registry) 35) . We think our results may be useful to not only Japan, but also other Asian countries. LTR of high LDL-C for CHDs in men will be 22.8%, which is smaller than the one defined by serum LDL-C ≥ 160 mg/dL (45.0%). This discrepancy, to some extent, can be attributed to the difference between the numbers of deaths in the age group 75-100 with high LDL-C defined by ≥ 140 mg/dL and ones with high LDL-C defined by ≥ 160 mg/dL. The number of CHDs in the high LDL-C category was almost similar (seven events defined by ≥ 140 mg/ dL and five events defined by ≥ 160 mg/dL), but the number of deaths in the high LDL-C category defined by ≥ 140 mg/dL was observed much more than the one defined by 160 mg/dL (29 events versus 11 events, respectively). There is very limited evidence regarding the LTR emia is strongly related to CHDs but weakly related to stroke, as shown in the JAS guidelines 14) . On the other hand, hypertension and diabetes are related to stroke as well as CHDs 14, 38, 39) . Diabetes is also associated with cancer 40) . In general, the LTR for a targeted disease is calculated by the accumulation of cases among a population, excluding deaths due to other reasons, and this adjustment is known to be the one of competing risk, and this approach is essential for estimating the LTR 16, 31, 32) . Therefore, the LTR of a disease due to a risk factor, which can be associated with various other diseases, will be influenced by the exposure (the risk factor of interest) and outcome (disease of interest) relationship. Actually, if high LDL-C is defined by serum LDL-C ≥ 140 mg/dL, the estimated There are a few limitations that need to be kept in mind while utilizing the results of this study. First, we had a small number of CHD events as outcomes. Because of this small number of CHD events, we could not perform more detailed analyses (e.g., using three or more categories for LDL-C or non-HDL-C or combinations of other major risk factors) for the determination of LTRs of CHDs. The small number of CHD events also affected the LTR estimates. The CIs of the estimates for the high LDL-C and high non-HDL-C are quite wide and are reflective of less stable estimates even when taking a conservative approach. We acknowledge the need for further studies based upon a pooled analysis of the larger cohorts in the future. Second, the Suita Cohort is based on an urban population, so the estimates in this study may not represent the overall Japanese population, thus impacting the external validity of our study. However, there is a high urbanization rate in Japan, and most of the changes in lifestyle factors associated with the risk for CHDs are thought to be due to urbanization 2, 3, 45, 46) . Therefore, we believe that our findings of high LTRs of CHDs in an urban population are representative of a large proportion of the Japanese population.
Conclusions
In conclusion, the presence of hypercholesterolemia increases the LTR for CHDs in the Japanese population, especially in men. These estimates can be used for preventive knowledge translation efforts at the population level.
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We thank the members of the Suita City Health Center, the Suita Medical Association, and all of the researchers and staff of the Department of Preventive Cardiology for performing the medical examinations of CHDs in relation to hypercholesterolemia. In one previous study based upon the Framingham Heart Study (FHS) 41) , it was reported that, at 40 years of age, the LTRs of CHDs were 57.3% and 32.9% for men and women with high TC (serum TC ≥ 240 mg/ dL, which is thought to be equivalent to LDL-C ≥ 160 mg/dL and non-HDL-C ≥ 190 mg/dL), respectively. The estimated LTR for men was very similar to that reported in our study; however, in women, the estimated LTR in the FHS was much larger than that reported in our study. In Japan, the influence of hypercholesterolemia on CHDs has been reported to be quite different across men and women. The results from National Integrated Project for Prospective Observation of Non-communicable Disease And its Trends in the Aged, 1980 (NIPPON DATA80) 9, 42) showed that the risk of CHDs linearly increased over TC 200 mg/dL in men; however, there was no association below TC 260 mg/dL in women. Therefore, the difference of LTR between men and women may be larger in Japan than in western countries.
The guidelines for CHD prevention adopted the estimated 10-year risk for CHD onset or death based upon the findings of cohort studies with long-term follow-up periods, such as the NIPPON DATA80 12) , the Suita Study 19) , and the FHS 43) . However, the estimated 10-year risks were very low in the younger population, particularly in women, so it is difficult to motivate such individuals to make lifestyle improvements for the prevention of CHDs. On the other hand, LTR is an indicator that can be easily interpreted. For example, based upon our results, the probability of new CHD onset for a 45-year-old man with hypercholesterolemia is 47.2% in his remaining life. Therefore, LTR can be useful in promoting healthoriented motivation for the prevention of atherosclerotic cardiovascular diseases (ASCVDs) through lifestyle modification and/or medication. The 2013 American College of Cardiology/American Heart Association (ACC/AHA) Guidelines on the Assessment of Cardiovascular Risk showed the LTR of ASCVDs for a population aged 20-59, who were free from ASCVD and were not at a high short-term risk 44) . However, there are no applications for the Asian population, including Japan, so we must establish guidelines for the prevention of ASCVDs utilizing LTR.
The major strength of our study is the uniqueness of the study cohort. This is an urban-populationbased cohort in Japan. Moreover, the prospective ascertainment of the endpoints using standardized and previously validated clinical diagnostic criteria contributed to the accurate confirmation of outcomes including CHD and deaths [23] [24] [25] .
